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SYSTEMS AND METHODS TO CONTROL
ACCESS IN AIR-TO-GROUND NETWORKS
OPERATING IN UNLICENSED SPECTRUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of the filing date of U.S. Provisional Patent Application No.
63/006,913 filed Apr. 8, 2020 and entitled “SYSTEMS AND
METHODS TO CONTROL ACCESS IN AIR-TO-
GROUND NETWORKS OPERATING IN UNLICENSED
SPECTRUM,” the entire disclosure of which is incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present disclosure relates to in-flight aircraft
utilizing air-to-ground networks for in-flight connectivity,
and in particular to managing the connectivity and/or con-
trolling the access of in-flight aircraft to air-to-ground net-
works operating in unlicensed spectrum.

BACKGROUND

[0003] For in-flight connectivity, in-flight aircraft may
connect to an Air-To-Ground (ATG) network operating in
unlicensed spectrum, such as those networks operating in
the 2.4 GHz and/or other frequencies of unlicensed spec-
trum. Typically, base stations and/or in-flight aircraft detect,
communicate, and respond to interference conditions (and/
or effects thereof) as if such interference conditions have a
similar effect in both the Radio Frequency (RF) uplink (e.g.,
in the direction of the base station) and downlink (e.g., in the
direction of the in-flight aircraft or User Equipment (UE))
directions. However, in air spans or air spaces in which
interference affects wireless communications in the unli-
censed spectrum, the uplink may experience a different
intensity of interference than the downlink, thereby making
the Radio Frequency (RF) paths non-symmetric with respect
to interference effects. That is, the level of uplink interfer-
ence within an air span or air space may not correlate or
correspond to the level of downlink interference.

[0004] As unlicensed spectrum may be accessed by dif-
ferent types of users, non-aircraft users of the unlicensed
spectrum (e.g., Wi-Fi or other types of unlicensed spectrum
users located on the ground) may be sources of potentially
strong external interference in ATG in-flight connectivity
networks which utilize the unlicensed spectrum. As such, to
determine the best possible serving cell, the UE or aircraft
measures a respective signal for all possible servers (e.g., all
possible base stations or cells), and selects the one with the
highest SINR (Signal-to-Interference-plus-Noise Ratio) or
other suitable measurement. However, although this
approach guarantees that the selected serving cell will
provide the best signal in the downlink direction (e.g., the
direction towards the UE) among candidate serving cells,
given the non-symmetric RF paths, this approach does not
guarantee that the signal in the uplink direction (e.g., the
direction towards the cell or base station) will be of good
quality or even of sufficient quality to maintain a connection
with the selected base station.

[0005] The 3GPP NR specification does not provide a
mechanism to signal the UE and/or the base station of
different direction-specific conditions prior to the UE con-
necting to the base station (such as when the interference
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level as observed by the cell/base station from the direction
where the UE is located is too high to maintain a connection
of sufficient quality), as the specification is meant to be used
in licensed spectrum in which the levels of interference in
both directions are somewhat correlated and/or in which
carrier sense multiple access with collision avoidance may
be utilized to mitigate interference effects. The 3GPP NR
specification does provide the indications cellBarred, cell-
ReservedForOperatorUse and cellReservedForOtherUse in
the MIB (Master Information Block) and SIB (System
Information Block) messages to prevent access to certain
cells that are barred, reserved for operator use, and reserved
for some other use, for example. However, these and other
similar indications defined in the 3GPP NR specification
only provide means to convey that the cell is not available
at all or available only to some users. More significantly,
these and other similar indications are distinguished at a cell
or base station level of granularity and do not take into
account differences in spatiality at the cell or base station.
Unfortunately, the specification does not provide a mecha-
nism to signal the UE when a cell and/or a spatial direction
should not be accessed due to high reverse link interference
and indicate that the mobile should look for other candidate
cells.

[0006] Further, for implementations that support long
range Air To Ground communications, the specification does
not provide a mechanism to prevent far or distantly-located
UEs from accessing a particular cell while allowing more
closely-located UEs to access the particular cell, e.g., so that
the particular cell may be optimally configured to service a
large number of UEs that are more proximate to the par-
ticular cell. As such, a distantly located UE attempting to
access a cell configured to cover many near or medium range
UEs (e.g., a high capacity cell for servicing near/medium
range UEs) would compromise the capacity of the cell. The
specification does not provide a mechanism to indicate to
UEs that a cell is a high capacity cell so that distantly-
located UEs do not attempt to access the high capacity cell,
but instead try to connect to other possible candidate cells.

SUMMARY

[0007] Embodiments of the invention described herein
describes techniques, systems, and methods that manage
in-flight aircraft connectivity in an Air-To-Ground (ATG)
network which operates on 2.4 GHz and/or other frequencies
of unlicensed spectrum, e.g., in an air span or air space
containing potentially strong external interference sources.
For example, the techniques, systems, and methods
described herein may manage UE or aircraft access to a cell
by signaling the occurrence of specific conditions in an
uplink (UL) or downlink (DL) direction, where the condi-
tions may differ between the uplink and downlink directions.
[0008] Generally, the techniques described herein provide
a mechanism to control UE access to a cell or base station
when conditions which are not contemplated by the 3GPP
standard occur. For example, the techniques may utilize
reserve bits (which are not utilized, defined, or designated
within the 3GPP NR standard) of broadcasted signals for
conveying information to the UEs indicating various con-
ditions or constraints which may affect the UEs’ respective
uplink access to a cell. Additionally or alternatively, the
techniques may limit the access of some UEs with conflict-
ing radio requirements as compared to a majority of the UEs
which may access a cell site, e.g., due to the relative
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distances of the UEs from the cell site. Still additionally or
alternatively, the techniques may signal UEs of detected
external interference, and in some embodiments, may indi-
cate respective levels of external interference in different
directions of the air space (e.g., different levels of uplink
and/or downlink interference).

[0009] In an embodiment, the techniques utilized by the
embodiments of the invention define the use of broadcast
bits are which not used (e.g., which are reserved or undes-
ignated) in the 3GPP NR specification for purposes of
signaling a UE of specific, directional channel or network
condition or constraint, and by doing so, control a UE’s
(e.g., an aircraft’s) access to a cell. By signaling a UE of
specific conditions or access constraints, such as high UL
(uplink) external interference, different UE behaviors in
response to the signaled condition(s) or constraint(s) may be
implemented. For example, the UE may search for a differ-
ent cell or server, or the UE may wait for a predefined time
before re-attempting to access this cell. Similarly, by sig-
naling UEs that a cell is intended to serve many connections
of a certain type (e.g., the cell is configured as a high
capacity cell that optimally services a certain type of con-
nection) and/or is configured to optimally service UEs
within a certain distance of the cell, UEs that are located far
from the cell may look for a different cell or server. Addi-
tionally, if narrow beams are employed to broadcast the
indicated access conditions or constraints, the indications
signaled by the cell may be specific to the conditions or
constraints in the spatial direction of the beam, and therefore
different uplink access conditions or constraints of different
beams of a single cell site may be indicated.

[0010] In an embodiment, a method for managing access
of a User Equipment (UE) to a wireless network via unli-
censed spectrum includes receiving, at the UE via the
unlicensed spectrum, a signal generated by a first cell of the
wireless network. The signal includes an indication of a
respective presence or absence of one or more uplink access
constraints of the first cell, where the one or more uplink
access constraints include at least one of: a threshold dis-
tance of UEs from the first cell, or uplink interference
detected by the first cell in a spatial direction of the UE. The
method further includes selecting, by the UE, a serving cell
of the wireless network based on the indicated one or more
uplink access constraints, and connecting, by the UE, to the
selected serving cell.

[0011] In an embodiment, a method for managing access
of User Equipments (UEs) to a wireless network via unli-
censed spectrum includes transmitting, within the unli-
censed spectrum and by a cell of the wireless network, a
reference signal having a first portion utilized by UEs to
determine downlink interference and a second portion
including a set of reserve bits having respective usages that
are undesignated for the reference signal, where the set of
reserve bits has a value indicative of a respective presence
or absence of one or more uplink access constraints particu-
lar to the cell. A UE determines whether or not to commu-
nicatively connect to the cell based on the reference signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 depicts an example scenario in which
embodiments of the methods, systems, and techniques for
managing access of User Equipment(s) (UEs) to wireless
networks via unlicensed spectrum are utilized.
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[0013] FIG. 2 illustrates an example downlink transmis-
sion which may be utilized in embodiments of the methods,
systems, and techniques for managing access of User Equip-
ment(s) (UEs) to wireless networks via unlicensed spectrum
disclosed herein.

[0014] FIG. 3 depicts a scenario in which embodiments of
the methods, systems, and techniques for managing access
of User Equipment(s) (UEs) to wireless networks via unli-
censed spectrum are utilized.

[0015] FIG. 4 depicts a flow diagram of an example
method for managing access of a User Equipment (UE) to a
wireless network via unlicensed spectrum.

[0016] FIG. 5 depicts a flow diagram of an example
method for managing access of a User Equipment (UE) to a
wireless network via unlicensed spectrum.

[0017] FIG. 6 is a block diagram of an example computing
system which may be used in conjunction with embodiments
of the techniques described herein.

DETAILED DESCRIPTION

[0018] Although the following text discloses a detailed
description of example methods, apparatus and/or articles of
manufacture, it should be understood that the legal scope of
the property right is defined by the words of the claims set
forth at the end of this patent. Accordingly, the following
detailed description is to be construed as examples only and
does not describe every possible example, as describing
every possible example would be impractical, if not impos-
sible. Numerous alternative examples could be imple-
mented, using either current technology or technology
developed after the filing date of this patent. It is envisioned
that such alternative examples would still fall within the
scope of the claims.

[0019] FIG. 1 depicts an example scenario 100 in which
embodiments of the methods, systems, and techniques for
managing access of User Equipment(s) (UEs) to wireless
networks via unlicensed spectrum are utilized. The scenario
100 of FIG. 1 depicts two base stations or cell sites 102, 105
of a wireless network, where the cell sites 102, 105 transmit
and receive radio signals in the unlicensed spectrum. For
example, at least one of the base stations 102, 105 may be
a gNB (Next Generation Node B) of a 5G wireless network
which utilizes NR (New Radio) technology in the unlicensed
spectrum, and/or at least one of the base stations 102, 105
may be another type of logical radio node of another
generation of wireless networks, such as a 6G wireless
network, which utilizes corresponding radio technology in
the unlicensed spectrum. Each base station 102, 105 respec-
tively includes six sectors (denoted by labels 0, 1, 2, 3, 4, 5).
In its sector 0, cell site 102 broadcasts four different refer-
ence signals 1084-1084 in different spatial directions (e.g.,
different three-dimensional directions) for UEs to receive
and process in order for the UEs to determine a suitable cell
site to which the UEs may connect to the wireless network
for in-flight connectivity. As utilized herein, the term “spa-
tial direction” generally refers to an angular range (e.g., a
three-dimensional angular range) corresponding to the
beamwidth of a directional beam, such as the directional
beams via which the reference signals 1084-108 are respec-
tively transmitted. Additionally, in scenario 100, two User
Equipment(s) (UEs) 110, 112 (which in the scenario 100 are
depicted as being two aircraft 110, 112) are located within
the service air span or air space of cell site 102. Each UE
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110, 112, radiates a respective beam 115, 118 to detect
reference signals of candidate serving cell sites, such as
reference signals 108a-1084.

[0020] As additionally depicted in FIG. 1, within the
line-of-sight or point-to-point direction between UE 112 and
the cell site 102 (denoted by dashed line 120), no or
negligible external interference exists. On the other hand,
within the line-of-sight direction or point-to-point direction
between UE 110 and the cell site 102 (denoted by dashed
line 122), a land or ground base station 125 servicing
land-based mobile devices radiates energy within the same
unlicensed spectrum as utilized by the cell site 102 (e.g., to
thereby allow the land base station 125 to provide land-
based mobile devices with wireless connectivity via the
unlicensed spectrum). As such, in the scenario 100, the land
base station 125 is an external source of interference with
respect to the UE 110 and the cell site 102. The cell site 102
detects and measures the interference generated by the land
base station 125 in the line-of-sight direction 122 of the UE
110, as denoted by arrow 128. That is, the cell site 102
detects and measures the external interference in the uplink
(UL) direction 128 of the line-of-sight direction 122 of the
UE 110.

[0021] Upon detecting and determining that the level of
uplink interference 128 is greater than an interference
threshold, the cell site 102 informs the UE 110 (and any
other UEs which are able to receive the reference signal
108¢ radiated in the spatial direction corresponding to the
UE 110) of the detected, non-negligible uplink interference
via the reference signal 108c¢. As such, the UE 110 is notified
that it may need to consider other candidate cells (e.g., by
processing the reference signals broadcasted by other can-
didate cells) to find a suitable cell via which the UE 110 may
connect to the wireless network, at least due to the presence
of a significant level of uplink external interference 128
detected between the cell site 102 and the UE 110 in the
line-of-sight direction 122. Indeed, as shown in FIG. 1, in
response to receiving the notification of the uplink interfer-
ence 128 detected in the direction of the cell site 102, the UE
110 steers its antenna radiation pattern 115 to search for
other suitable cells via which to access the wireless network,
such as the cell site 105.

[0022] On the other hand, the cell site 102 does not detect
any uplink interference in the uplink direction of the line-
of-sight direction 118 between the cell site 102 and the UE
112. For example, the cell site 102 detects negligible uplink
interference or a level of uplink interference less than the
interference threshold in the uplink, line-of-sight direction
118 of the cell site 102 and the UE 112. Accordingly, the cell
site 102 informs the UE 112 (and any other UEs which are
able to receive the reference signal 108a radiated in the
spatial direction corresponding to the UE 112) via the
reference signal 108a that the cell 102 has detected no or
negligible uplink interference in the respective spatial direc-
tion. Accordingly, the UE 112 may select the cell 102 as a
serving cell, e.g., provided that the UE 112 also determines,
based on the reference signal 108a, that downlink (DL)
interference in the downlink direction of the line-of-sight
direction 118 is also negligible or acceptable and that other
access conditions/constraints are met.

[0023] Note that in the scenario 100, the base station 102
radiates its reference signals 1084-1087 of sector 0 (and
other reference signals of other sectors) in a directional
manner, e.g., in different spatial directions, which may
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correspond to the different spatial directions of the narrow
beams radiated by the base station. As such, the interference
of an external source may be different for different spatial
directions (e.g., spatial direction 108¢ has interference from
source 125 above an interference threshold level, and spatial
direction 108a dos not have interference from source 125
above the interference threshold level). Further, due to at
least the different spatial directions of the different beams,
some external signals may more strongly interfere with
transmissions in a particular uplink spatial direction between
the UE and the cell as compared to the corresponding
downlink spatial direction. For example, in spatial direction
108¢ corresponding to the line-of-sight 122 between the UE
110 and the base station 102, the level of uplink interference
128 due to source 125 is greater than the level of downlink
interference due to source 125. Thus, while the UE 110 may
measure or otherwise determine (e.g., based on the reference
signal 108¢) the downlink interference between the UE 110
and the cell 102 to be of an acceptable level, nonetheless the
UE 110 may not select the cell 102 as a serving cell when
the reference signal 108¢ indicates the presence of signifi-
cant uplink interference 128.

[0024] In an embodiment, each reference signal (e.g.,
signal 108a, 1085, 108¢, 1084) broadcast by the cell site 102
may be a synchronization signal which UEs may process to
determine candidate serving cells and/or to connect to a
selected serving cell. For example, the 3GPP NR specifica-
tion defines synchronization signals which are broadcasted
by base stations, such as the Primary Synchronization Chan-
nel (PSS), the Secondary Synchronization Channel (SSS),
and the physical broadcast channel (PBCH), which are
generally collectively referred to as a Synchronization Sig-
nal/PBCH block or SSB. UEs may process SSBs (e.g., may
decode SSBs) to determine a broadcasting cell’s identity, to
synchronize with the broadcasting cell, and/or to determine
downlink power and/or downlink interference with respect
to the broadcasting cell so as to select a most suitable serving
cell among a set of candidate serving cells. For instance, the
UE may determine downlink interference corresponding to
a broadcasting cell by determining a SINR or other suitable
measurement of the SSB broadcasted by the cell.

[0025] An example bit layout of a portion of an SSB 200
is illustrated in FIG. 2. The portion of the SSB 200 depicts
the last eight bits ag, az,, az,,, 7,3, - - - az,~ of the PBCH
payload, which the 3GPP NR specification defines or des-
ignates as conveying various physical layer information. For
sub 6 GHz spectrums, the maximum number of SSB beams
is either eight or four, and consequently the last two bits of
the SSB, e.g., bits a ,, ; and az, 5, are not used and are defined
by the specification as being reserved, unused, or undesig-
nated bits. Embodiments of the inventive techniques
described herein may utilize these undesignated bits to
signal indications of the presence or absence of one or more
uplink access constraints or conditions to UEs, and thereby
control the access of UEs to the cell. For example, in an
example implementation:

[0026] (i) Bit ag, ; may be utilized to indicate the presence
or absence of UL interference above an interference thresh-
old, as observed or determined by the broadcasting cell. For
example, a bit value of zero may denote acceptable UL
interference, and a bit value of one may denote a high or
unacceptable UL interference, and

[0027] (ii) Bit ag,, may be utilized to indicate the presence
or absence of a threshold distance of UEs from the broad-
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casting cell, where the broadcasting cell is optimally con-
figured to serve UEs that are located within a threshold
distance of the cell. For example, a bit value of zero may
denote that the cell services all UEs irrespective of the
distances of UEs from the cell, and a bit value of one may
denote that the cell is particularly configured to optimally
and preferably service UEs located within the threshold
distance.

[0028] That is, the cell may utilize bit az, ; of the SSB 200
to indicate the presence or an absence of an uplink access
constraint corresponding to UL interference, and the cell
may utilize bit ag, , to indicate the presence or absence of an
access constraint corresponding to a threshold distance of
UEs from the cell. Additional details of the use of threshold
distances of UEs from cell sites is discussed in more detail
elsewhere within this disclosure.

[0029] Advantageously, and as shown in FIG. 2, the SSB
block 200 has a spatial characteristic, e.g., as indicated by
the vector or spatial notation. Therefore, in this example
implementation, the respective values of the bits az,, az,-
may be different for a respective SSB transmitted in a
different spatial direction by the cell, thereby reflecting the
respective channel conditions and/or other uplink access
constraints in the different spatial directions with respect to
the cell (e.g., on a per-beam basis). For example, in the case
of UL interference, external interference sources on the
ground may cause high levels of interference only in a
specific direction, and consequently the value of a5, ; may be
different across different SSB beams. For instance, referring
to FIG. 1 to illustrate, the SSB transmitted in the spatial
direction 108¢ may have the value of corresponding bit a,
set to “1” to indicate that an unacceptable level of UL
interference is detected by the cell 102 in the spatial direc-
tion 108¢ (e.g., due to external interference source 125), and
the SSBs respectively transmitted in the spatial directions
108a, 1085, and 1084 may have the value of bit ag, ; set to
“0” to indicate that no or an acceptable level of UL inter-
ference is detected by the cell 102 in the respective spatial
directions 108a, 1085, 1084.

[0030] Accordingly, in this embodiment, when the cell
102 sets the value of bit ag, ; of an SSB 200 to “1” (e.g., the
SSB transmitted in the spatial direction 108¢, as shown in
FIG. 1), the cell 102 thereby notifies the UE 110 that the
respective sector (e.g., sector 0 of cell 102, as shown in FIG.
1) is under high UL interference in the direction 122 of the
corresponding SSB beam 108c¢, and as such the UE 110
should search for other candidate cells for connecting to the
wireless network. For example, as illustrated in FIG. 1, a
land interferer 125 has a direct line-of-sight to cell 102 and
offers strong interference to the SSB region denoted by
108¢. The UE 110 is under the coverage of the SSB region
denoted by 108¢, and thus receives a broadcasted SSB with
the bit ag, , set to “1.” Consequently, the UE 110 proceeds to
search for other candidate serving cells, such as sector 5 of
cell 105, as denoted by the spatial direction of the beam 115
generated by the UE 110. The UE 112, however, is under the
coverage of the SSB region denoted by 108a and, as such,
receives an SSB with the bit ag, ¢ set to “0” and consequently
proceeds to attempt access to sector 0 of cell 102, as denoted
by the spatial direction of the beam 118 generated by the UE
112.

[0031] Additionally or alternatively, in this example
implementation, by setting the value of the bit a5, , of SSB
200 to “1,” a cell may indicate to UEs that UEs which are
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at a respective spatial distance, with respect to the cell, that
is greater than a predefined threshold (e.g., 250 Km, or some
other distance which would require a Time Division Duplex
(TDD) split based on physical layer structure) should search
for other candidate cells with which to connect. That is, the
cell may limit or constrain uplink access of UEs to the cell
based on the respective spatial distances of the UEs from the
cell.

[0032] To illustrate, FIG. 3 depicts an example scenario
300 in which such a situation occurs. In FIG. 3, a cell 302
is particularly configured to service a large number of UEs
310 at a relatively close range. That is, the cell 302 is a high
capacity cell optimally configured to service high numbers
of near or medium range UEs 310 such as, for example,
when the cell 302 is configured to provide coverage for
in-flight connectivity at or near an airport in a high air traffic
corridor. For instance, the cell 302 may be configured to
utilize a TDD frame configuration which is optimized for
UEs 310 located within the predefined threshold distance
from the cell 302. As such, the cell 302 limits access of UEs
based on their respective distances from the cell 302, e.g., to
avoid needing to reconfigure the TDD frame configuration,
and/or to enable the high capacity service which the cell 302
is to provide at its respective location or environment within
the wireless network.

[0033] In the scenario 300, a far or distantly-located UE
312 may receive the broadcasted transmissions of the cell
302, such as SSBs, with sufficient SINR (e.g., based on an
SINR threshold) for connection. However, as the cell 302
has been particularly configured as a high capacity cell to
service low or medium range UEs 310, the cell 302 sets the
value of bit az, , in the broadcasted SSB to “1.” Based on the
value of bit a5, , of the SSB being set to “1,” and based on
the spatial distance of the UE 312 from the cell 302 being
greater than the threshold distance, the UE 312 does not
attempt to access cell 302 even though the SINR is sufficient,
and instead searches for other candidate serving cells, such
as cell 305, as denoted in FIG. 3 by the spatial direction of
the beam 315 generated by the UE 312.

[0034] As such, the techniques illustrated in FIG. 3 may
prevent or avoid the usage of a TDD frame configuration
that is not able to meet the data demands of a distantly-
located UE 312 without significantly compromising the
demands of other, more closely-located UEs 310. Addition-
ally or alternatively, the techniques illustrated in FIG. 3 may
prevent or avoid a reconfiguration of the entire cell 302 with
a TDD frame configuration which may be suitable for the
distantly-located UE 312, but which would also waste
capacity of the cell 302 and impact the throughput of the
other more closely-located UEs 310 serviced by the cell 302.
Accordingly, in an embodiment in which the cell 302 is a
high capacity cell configured to service near or medium
range UEs, the radio configuration may be the consistent or
the same across the entire cell 302, and thus the value of the
a5, bit would be set to a value of “1” in all SSBs broadcast
by the cell 302.

[0035] FIG. 4 depicts a flow diagram of an example
method 400 for managing access of a User Equipment (UE)
to a wireless network via unlicensed spectrum in accordance
with at least some of the principles and techniques disclosed
herein. The method 400 may operate in conjunction with the
scenarios and/or environments illustrated in FIGS. 1 and 3,
and/or in other environments in which UEs attempt to access
wireless networks via cells or base stations via the unli-
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censed spectrum. In an embodiment, a UE (such as UE 110,
UE 112, or UE 312) may execute at least a portion of the
method 400. For example, one or more processors of the UE
may execute instructions stored on one or more tangible
memories of the UE to execute at least a portion of the
method 400. The method 400 may include additional or
alternate steps, in embodiments.

[0036] At a block 402, the method 400 may include
receiving, at a UE via the unlicensed spectrum, a signal
generated and transmitted by a first cell of the wireless
network. The signal may be a reference signal, a synchro-
nization signal, or another type of signal broadcasted by the
first cell, for example. The signal may include an indication
of a respective presence or absence of one or more uplink
access constraints of the first cell. The one or more con-
straints for accessing the first cell via an uplink may include
a threshold distance of UEs from the first cell (e.g., a
threshold spatial distance), uplink interference detected by
the first cell in an uplink spatial direction corresponding to
the UE, and/or other types of conditions or constraints on
UEs and/or on the air space between the UEs and the first
cell for uplink access to the first cell. In an embodiment, the
respective presence or absence of the one or more uplink
access constraints may be indicated by values of bits in
included in the signal transmitted by the first cell. For
instance, the respective presence of absence of various
uplink access conditions may be indicated in a value of a set
of reserved or undesignated bits of an SSB broadcasted by
the first cell, such as in a manner described with respect to
FIG. 2.

[0037] At a block 405, the method 400 may additionally
include selecting, by the UE, a serving cell of the wireless
network based on the indication of the respective presence
or absence of the one or more uplink access constraints of
the first cell. Generally speaking, when the UE and/or the
uplink direction between the UE and the first cell meets all
uplink access constraints indicated as being present at the
first cell, the UE may continue to evaluate the received
signal (e.g., the received SSB) for further suitability as a
serving cell. For example, the UE may determine a level of
downlink interference between the UE and the first cell
based on other information included in the received signal.
When the level of downlink interference is determined or
measured to be acceptable, the UE may include the first cell
in a set of candidate cells among which the UE selects 405
a serving cell. Indeed, if the first cell is the most suitable cell
among the set of candidate cells, the UE may select 405 the
first cell as the serving cell.

[0038] On the other hand, when the UE and/or the uplink
direction between the UE and the first cell does not meet all
uplink access constraints indicated as being present, the UE
may exclude the first cell from a set of candidate cells among
which the UE selects 405 a suitable serving cell. That is, the
UE may avoid selecting 405 the first cell as a serving cell
when the UE and/or the uplink direction between the UE and
the first cell does not meet all uplink access constraints
which are indicated by the first cell as being present.
Alternately, when the UE and/or the uplink direction
between the UE and the first cell does not meet all uplink
access constraints indicated as being present, the UE may
wait for a predetermined amount of time to elapse, and
subsequently evaluate another reference signal transmitted
by the first cell (e.g., a second received SSB) which may
include an updated set of indications corresponding to the
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presence or absence of one or more uplink access con-
straints. The UE may include or exclude the first cell from
the set of candidate serving cells in accordance with the
updated indication.

[0039] Insome situations, the received signal may indicate
the presence of the uplink access constraint at the first cell
corresponding to threshold distance, thereby signifying that
the first cell is configured as a high capacity cell and/or is
configured to optimally service UEs located within the
threshold distance. The UE may meet the threshold distance
constraint when the UE is located at a spatial distance from
the first cell less than or equal to the threshold distance, and
the UE may not meet the threshold distance constraint when
the UE is located at a spatial distance from the first cell
greater than the threshold distance. The threshold distance
may be predefined and stored in a memory of the UE, in an
embodiment.

[0040] Insome situations, the received signal may indicate
the presence of an undesirable level of uplink interference
detected by the first cell in the spatial direction correspond-
ing to the UE. That is the received signal may indicate a
level of uplink interference detected by the first cell in the
spatial direction corresponding to the UE greater than an
interference threshold. The level of uplink interference in the
spatial direction between the UE and the first cell may differ
from the level of downlink interference in the spatial direc-
tion between the UE and the first cell, for example. In these
situations, the UE may exclude the first cell from the
candidate set of cells among which the UE selects 405 a
serving cell, or the UE may wait for a predetermined time
after which the UE processes another received signal poten-
tially including an indication of an update to the presence or
absence of the undesirable level of uplink interference, and
responds accordingly.

[0041] At a block 408, the method 400 may include
connecting, by the UE to the selected serving cell, e.g., upon
selecting the serving cell.

[0042] FIG. 5 depicts a flow diagram of an example
method 500 for managing access of a User Equipment (UE)
to a wireless network via unlicensed spectrum in accordance
with at least some of the principles and techniques disclosed
herein. The method 500 may operate in conjunction with the
scenarios and/or environments illustrated in FIGS. 1 and 3,
and/or in other environments in which UEs attempt to access
wireless networks via cells or base stations via the unli-
censed spectrum. In an embodiment, a base station or cell
site (e.g., the base station 102, 105, 302, 305) may execute
at least a portion of the method 500. For example, one or
more processors of the base station may execute instructions
stored on one or more tangible memories of the UE to
execute at least a portion of the method 500. In an embodi-
ment, the method 500 executes in conjunction with the
method 300, e.g., within a wireless network air span or air
space. The method 500 may include additional or alternate
steps, in embodiments.

[0043] At a block 502, the method 500 may include
transmitting a reference signal within the unlicensed spec-
trum and by a cell of the wireless network. The reference
signal may be a synchronization signal or another type of
signal broadcasted by the cell, for example. The reference
signal may include an indication of a respective presence or
absence of one or more uplink access constraints of the cell,
where the one or more constraints for accessing the cell via
an uplink include a threshold distance of UEs from the first
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cell (e.g., a threshold spatial distance), uplink interference
detected by the first cell (e.g., in the uplink spatial direction
corresponding to the UE), and/or other types of conditions
or constraints on UEs and/or on the airspace between the
UEs and the cell for uplink access to the cell. In an
embodiment, the reference signal may have a first portion
which is utilized by UEs to determine downlink interference
and a second portion including a set of reserve bits having
respective usages that are undesignated for the reference
signal. The set of reserve bits may have a value indicative of
a respective presence or absence of one or more uplink
access conditions or constraints particular to the cell, such as
in a manner described with respect to FIG. 2. Generally
speaking, a UE may consider the cell to be a candidate cell
when the UE and/or the uplink direction in the airspace
between the UE and the cell meets all indicated uplink
access constraints, and the UE may avoid or delay consid-
eration of the cell as a candidate cell when the UE and/or the
uplink direction in the airspace between the UE and the cell
does not meet at least one indicated uplink access constraint,
e.g., in a manner such as described elsewhere within this
disclosure.

[0044] As one of the uplink access constraints may cor-
respond to uplink interference in the spatial direction
between the UE and the cell (which may differ in levels from
any downlink interference in the same spatial direction), in
some embodiments (not shown), the method 500 includes
detecting or determining, by the cell, a level of the uplink
interference within the unlicensed spectrum, and determin-
ing whether or not the level of uplink interference exceeds
an interference threshold. The determination of the uplink
level of interference may be made without consideration to
or independently of the determination of any levels of
downlink interference, for example. The method 500 may
further include indicating, in the reference signal, the pres-
ence or absence of detected or determined excess uplink
interference, e.g., by setting or not setting the values of the
set of reserve bits of the reference signal accordingly. In
some embodiments (not shown), the method 500 includes
determining a respective level of uplink interference within
the unlicensed spectrum for each spatial direction of a
plurality of spatial directions corresponding to the plurality
of beams radiated by the cell. In these embodiments, the
method 500 may include determining whether or not each
respective level of uplink interference exceeds the interfer-
ence threshold, and indicating the presence or absence of
excess uplink interference in each spatial direction in a
respective reference signal radiated in the corresponding
spatial direction, e.g., by setting or not setting the values of
the set of reserved bits within the respective reference signal
accordingly.

[0045] In some situations, such as when the cell is con-
figured to utilize a Time Division Duplex (TDD) frame
configuration optimized for UEs located within a threshold
distance from the cell (e.g., 250 km or some other suitable
threshold distance), and/or the cell is configured as a high
capacity cell within the wireless network, transmitting 502
the reference signal may include transmitting at least one
reserve bit of the reference signal having a value indicating
the presence of an uplink access constraint corresponding to
a threshold distance from the cell. In these situations, the UE
communicatively connects to the cell when a spatial distance
of the UE from the cell is less than or equal to the threshold
distance, and the UE avoids or delays consideration of the
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cell as a candidate serving cell when the spatial distance of
the UE from the cell exceeds the threshold distance.
[0046] At an optional block 505, the method 500 may
include connecting to a UE based on the reference signal.
For example, the base station may connect with a UE which
has determined, based at least in part on the reference signal
transmitted by the base station, that the base station is a most
suitable candidate cell among a set of candidate cells. Upon
communicatively connecting with the UE, the base station
may be the serving cell of the UE thereby communicatively
connect the UE with the wireless network.

[0047] Turning now to FIG. 6, FIG. 6 is a block diagram
of an example computing system 600 which may be used in
conjunction with embodiments of the systems, methods, and
techniques described herein. The system 600 includes one or
more computing devices 602 which may be particularly
configured to automatically control one or more components
of' wireless communications networks and systems operating
in unlicensed spectrum, such as base stations, cell sites,
gNB, aircraft, other types of UEs, and or respective parts or
sub-components thereof. For example, different instances of
at least portions of the computing system 600 may be
respectively located at base stations, cell sites, gNBs, and/or
other types of ground stations; and/or in aircraft or other
types of UEs. As such, the computing device 602 may be
communicatively connected to one or more sub-components
of resident components of the wireless communications
system, such as transceivers, transmitters, receivers, modu-
lators, demodulators, base band units, remote radio units,
radios, antennas, and the like, and may respectively control
at least a portion of the behaviors of the same.

[0048] As illustrated in FIG. 6, the one or more computing
devices 602 associated with the wireless communications
network using the unlicensed spectrum may include, for
example, one or more processors and/or controllers, com-
puters, portable computing devices (such as a tablets, lap-
tops, mobile devices, etc.), servers, a plurality of networked
or banked computing devices or servers having a logical
appearance of a single computing device or server, a plu-
rality of cloud computing devices, etc. Accordingly, for ease
of discussion only and not for limitation purposes, the set of
computing devices 602 is referred to herein using the
singular tense, although in some embodiments the comput-
ing device 602 may include more than one physical com-
puting device.

[0049] The computing device 602 may include ay include,
for example, one or more processors 605 (e.g., central
processing units or CPUs, digital signal processors or DSPs,
microprocessors, etc.), one or more controllers 608 (e.g.,
radio resource controllers), one or more program memories
610 storing one or more sets of computer-readable and/or
computer-executable instructions, e.g., instructions 612a-
612¢, a random-access memory (RAM) 615, and an input/
output (I/O) circuit 618, all of which may be interconnected
via an address/data bus 620. The one or more program
memories 610 may comprise one or more tangible, non-
transitory computer-readable storage media and/or devices,
and the computer-readable and/or computer-executable
instructions 612a-612c¢ stored thereon, when executed by the
processor 605, may cause the computing device 602 to
perform one or more of the methods 400, 500 disclosed
herein and/or portions thereof. For example, at least some of
the computer-executable instructions 612 may be executable
to set bit values in reference signals, to perform coding
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and/or decoding of reference signals, to perform at least a
portion of the method 400, to perform at least a portion of
the method 500, to control of one or more components of the
Air-To-Ground system, and/or to perform one or more other
applications associated therewith.

[0050] In doing so, the computing device 602 may access
one or more data or memory stores 622qa, 6225 at which data
corresponding to the system 600 may be stored. The one or
more data stores 622 may comprise, for example, one or
more memories, one or more memory devices, a data bank,
cloud data storage, and/or one or more other suitable data
storage devices. At least one of the data or memory stores
622a may be included in the computing device 602, and the
processor(s) 605 of the computing device 602 (or the
instructions 612a-612¢ executed by the processor(s) 605)
may access the one or more data stores 622 via a link
comprising a read or write command, function, application
programming interface, plug-in, operation, instruction, and/
or similar (which may, in turn, also be provided by the
computing device 602, an embodiment), and/or via the bus
620.

[0051] In embodiments, the computing device 602 may
access a remotely-located data store 6225 via one or more
network or communication interfaces 625 that are respec-
tively coupled to a link 628 in communicative connection
with the one or more remote data stores 6225. The link 628
in FIG. 6 is depicted as a link to one or more private and/or
public networks 630, however, the network 630 is not
required for the computing device 602 and the remotely-
located data storage device 6226 to be communicatively
connected. For example, the link 628 may provide a direct
connection between the computing device 602 and the data
store 6225. The link 628 may include one or more wired
links and/or one or more wireless links, and/or may utilize
any suitable communications technology. The network 630
may include one or more proprietary networks, the public
Internet, one or more virtual private networks, and/or some
other type of network, such as dedicated access lines, plain
ordinary telephone lines, satellite links, data networks, com-
binations of these, etc.

[0052] In embodiments, the system 600 may include a
user interface 632 via which an operator may set and/or
change thresholds and/or other parameters, such as interfer-
ence thresholds and/or distance thresholds.

[0053] It is noted that while in FIG. 6, the computing
device 602, the data stores 622a, 6225, of the system 600 are
illustrated as separate and distinct entities, this is only one of
many embodiments. Any number of any of the devices 602
and/or data stores 622 may be included in the network 630,
for example. Additionally or alternatively, any number of
any of the devices 602 may be a logical, combined or
integral device or set of devices.

[0054] Further, with regard to the computing device 602,
while the instructions 612 are shown as three different
blocks 612a, 6125, 612¢ in FIG. 6, it will be appreciated that
the instructions 610 may include any number of different
programs, modules, routines, and/or sub-routines that may
collectively cause the computing device 602 to implement
their respective functionality. Still further, it should be
appreciated that although only one processor 605 is shown,
the computing device 602 may include multiple processors
605, such as one or more Central Processing Units (CPUs)
and/or one or more Digital Signal Processors (DSPs). Addi-
tionally, although the I/O circuit 618 is shown as a single
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block, it should be appreciated that the I/O circuit 618 may
include a number of different types of I/O circuits. Similarly,
the memories 610, 615 of the computing device 602 may
include multiple RAMs 615 and/or multiple program memo-
ries 610. Further, while the instructions 612 are shown being
stored in the program memory 610, any or all of the
instructions 612 may additionally or alternatively be par-
tially or entirely stored in the RAM 615 and/or other suitable
local memory (not shown).

[0055] The RAM(s) 615 and/or program memories 610
may be implemented as semiconductor memories, magneti-
cally readable memories, chemically or biologically read-
able memories, and/or optically readable memories, and/or
may utilize any suitable memory technology or technolo-
gies. The computing device 602 may also be operatively
connected to the network 630 via the link 628 and the I/O
circuit 618, in some embodiments.

[0056] Embodiments of the techniques described herein
provide significant advantages and benefits over known
techniques. As previously discussed, the 3GPP standard
specification does not provide a mechanism for a base
station to notify UEs of high levels of interference in the
uplink direction, as the 3GPP standard is particularly archi-
tected for licensed spectrums in which no explicit indication
of external interference is required and/or in which carrier
sense multiple access with collision avoidance may be
employed. However, in unlicensed spectrums, as at any
time, different types of users, base stations, and communi-
cations systems other than ATG users, base stations, and
communications systems may utilize such unlicensed spec-
trums, such other types of users, base stations, and/or
systems may at any time be sources of external interference
for ATG wireless networks and, unfortunately, the 3GPP
standard does not provide mechanisms for the base station to
notify UEs of high levels of detected UL interference for
uplink access purposes. Further, even though the potential
external interference sources may generate interference of a
directional nature (e.g., UL and DL), the UE is not able to
ascertain or otherwise determine the differences between the
levels of UL and DL interferences. Still further, known
techniques are not able to signal different uplink access
conditions or constraints on a per spatial direction basis, and
known techniques are not able to prevent or discourage the
uplink access of UEs which may require different TDD
configurations (e.g., remotely-located UEs) and therefore
may significantly decrease the capacity and/or performance
of'a sector or cell, or even may bring down the sector or cell
as a whole.

[0057] Fortunately, as discussed above, the novel and
non-obvious techniques disclosed herein address these and
other disadvantages. For example, the techniques described
herein avoid changes to the 3GPP standard for bands of
unlicensed spectrum under 6 GHz, and thus minimize the
impact on UE and base station software modifications. For
example, embodiments of the techniques described herein
make use of bits that are available but not used in some
frequency configurations, and as such otherwise are wasted
capacity. Additionally, the techniques described herein allow
the UE to be informed of changes in channel conditions that
have a spatial dimension before the UE attempts to access
the cell. Importantly, the novel techniques described herein
help to mitigate unexpected external UL interference in ATG
wireless network, and/or to control UL access of remotely-
located UEs to cells which are particularly configured to
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service a large number of near to medium range UEs within
an ATG network, thereby increasing the efficiency of such
cells.

[0058] Therefore, as described above, the novel tech-
niques described herein enable a high standard of access
reliability of the uplink and downlink connectivity between
the aircraft and serving base station cells to be maintained,
as well as help to manage high capacity cells in an efficient
manner.

[0059] Further, while the systems, methods, and tech-
niques described herein may be applicable to UEs which are
in-flight aircraft and wireless network which are air-to-
ground communications networks which operate using unli-
censed spectrum, one skilled in the art will recognize that the
systems, methods, and techniques described may easily be
applied to UEs which are personal electronic devices (e.g.,
laptops, smart devices, tablets, etc.) and to UEs which are
ships, cars, buses, or other type of vehicles. Additionally,
one skilled in the art will recognize that the systems,
methods, and techniques described herein may easily be
applied to wireless networks which provide land or ground-
based wireless connectivity and/or which provide wireless
connectivity for vehicles and devices traveling over oceans,
lakes, and other bodies of water.

Additional Considerations

[0060] Throughout this specification, plural instances may
implement components, operations, or structures described
as a single instance. Although individual operations of one
or more methods are illustrated and described as separate
operations, one or more of the individual operations may be
performed concurrently, and nothing requires that the opera-
tions be performed in the order illustrated. Structures and
functionality presented as separate components in example
configurations may be implemented as a combined structure
or component. Similarly, structures and functionality pre-
sented as a single component may be implemented as
separate components. These and other variations, modifica-
tions, additions, and improvements fall within the scope of
the subject matter herein.

[0061] Additionally, certain embodiments are described
herein as including logic or a number of routines, subrou-
tines, applications, or instructions. These may constitute
either software (e.g., code embodied on a non-transitory,
machine-readable medium) or hardware. In hardware, the
routines, etc., are tangible units capable of performing
certain operations and may be configured or arranged in a
certain manner. In example embodiments, one or more
computer systems (e.g., a standalone, client or server com-
puter system) or one or more hardware modules of a
computer system (e.g., a processor or a group of processors)
may be configured by software (e.g., an application or
application portion) as a hardware module that operates to
perform certain operations as described herein.

[0062] In various embodiments, a hardware module may
be implemented mechanically or electronically. For
example, a hardware module may comprise dedicated cir-
cuitry or logic that is permanently configured (e.g., as a
special-purpose processor, such as a field programmable
gate array (FPGA) or an application-specific integrated
circuit (ASIC) to perform certain operations. A hardware
module may also comprise programmable logic or circuitry
(e.g., as encompassed within a general-purpose processor or
other programmable processor) that is temporarily config-
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ured by software to perform certain operations. It will be
appreciated that the decision to implement a hardware
module mechanically, in dedicated and permanently config-
ured circuitry, or in temporarily configured circuitry (e.g.,
configured by software) may be driven by cost and time
considerations.

[0063] Accordingly, the term “hardware module” should
be understood to encompass a tangible entity, be that an
entity that is physically constructed, permanently configured
(e.g., hardwired), or temporarily configured (e.g., pro-
grammed) to operate in a certain manner or to perform
certain operations described herein. Considering embodi-
ments in which hardware modules are temporarily config-
ured (e.g., programmed), each of the hardware modules need
not be configured or instantiated at any one instance in time.
For example, where the hardware modules comprise a
general-purpose processor configured using software, the
general-purpose processor may be configured as respective
different hardware modules at different times. Software may
accordingly configure a processor, for example, to constitute
a particular hardware module at one instance of time and to
constitute a different hardware module at a different instance
of time.

[0064] Hardware modules can provide information to, and
receive information from, other hardware modules. Accord-
ingly, the described hardware modules may be regarded as
being communicatively coupled. Where multiple of such
hardware modules exist contemporaneously, communica-
tions may be achieved through signal transmission (e.g.,
over appropriate circuits and buses) that connect the hard-
ware modules. In embodiments in which multiple hardware
modules are configured or instantiated at different times,
communications between such hardware modules may be
achieved, for example, through the storage and retrieval of
information in memory structures to which the multiple
hardware modules have access. For example, one hardware
module may perform an operation and store the output of
that operation in a memory device to which it is communi-
catively coupled. A further hardware module may then, at a
later time, access the memory device to retrieve and process
the stored output. Hardware modules may also initiate
communications with input or output devices, and can
operate on a resource (e.g., a collection of information).

[0065] The various operations of example methods
described herein may be performed, at least partially, by one
or more processors that are temporarily configured (e.g., by
software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured,
such processors may constitute processor-implemented
modules that operate to perform one or more operations or
functions. The modules referred to herein may, in some
example embodiments, comprise processor-implemented
modules.

[0066] Similarly, the methods or routines described herein
may be at least partially processor-implemented. For
example, at least some of the operations of a method may be
performed by one or more processors or processor-imple-
mented hardware modules. The performance of certain of
the operations may be distributed among the one or more
processors, not only residing within a single machine, but
deployed across a number of machines. In some example
embodiments, the processor or processors may be located in
a single location (e.g., within a home environment, an office
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environment or as a server farm), while in other embodi-
ments the processors may be distributed across a number of
locations.

[0067] The performance of certain of the operations may
be distributed among the one or more processors, not only
residing within a single machine, but deployed across a
number of machines. In some example embodiments, the
one or more processors or processor-implemented modules
may be located in a single geographic location (e.g., within
a home environment, an office environment, or a server
farm). In other example embodiments, the one or more
processors or processor-implemented modules may be dis-
tributed across a number of geographic locations.

[0068] Unless specifically stated otherwise, discussions
herein using words such as “processing,” “computing,”
“calculating,” “determining,” “presenting,” “displaying,” or
the like may refer to actions or processes of a machine (e.g.,
a computer) that manipulates or transforms data represented
as physical (e.g., electronic, magnetic, or optical) quantities
within one or more memories (e.g., volatile memory, non-
volatile memory, or a combination thereof), registers, or
other machine components that receive, store, transmit, or
display information.

[0069] As used herein any reference to “one embodiment”
or “an embodiment” means that a particular element, fea-
ture, structure, or characteristic described in connection with
the embodiment is included in at least one embodiment. The
appearances of the phrase “in one embodiment” in various
places in the specification are not necessarily all referring to
the same embodiment.

[0070] Some embodiments may be described using the
expression “coupled” and “connected” along with their
derivatives. For example, some embodiments may be
described using the term “coupled” to indicate that two or
more elements are in direct physical or electrical contact.
The term “coupled,” however, may also mean that two or
more elements are not in direct contact with each other, but
yet still co-operate or interact with each other. The embodi-
ments are not limited in this context.

[0071] Those of ordinary skill in the art will recognize that
a wide variety of modifications, alterations, and combina-
tions can be made with respect to the above described
embodiments without departing from the scope of the inven-
tion, and that such modifications, alterations, and combina-
tions are to be viewed as being within the ambit of the
inventive concept.

[0072] While the present invention has been described
with reference to specific examples, which are intended to be
illustrative only and not to be limiting of the invention, it
will be apparent to those of ordinary skill in the art that
changes, additions and/or deletions may be made to the
disclosed embodiments without departing from the spirit and
scope of the invention.

[0073] The foregoing description is given for clearness of
understanding; and no unnecessary limitations should be
understood therefrom, as modifications within the scope of
the invention may be apparent to those having ordinary skill
in the art.

What is claimed is:

1. A method for managing access of a User Equipment
(UE) to a wireless network via unlicensed spectrum, the
method comprising:

receiving, at the UE via the unlicensed spectrum, a signal

generated by a first cell of the wireless network, the
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signal including an indication of a respective presence
or absence of one or more uplink access constraints of
the first cell, and the one or more uplink access con-
straints corresponding to at least one of: a threshold
distance of UEs from the first cell, or uplink interfer-
ence detected by the first cell in a spatial direction
corresponding to the UE;

selecting, by the UE, a serving cell of the wireless
network based on the indication; and

connecting, by the UE, to the selected serving cell.

2. The method of claim 1, wherein receiving the signal
generated by the first cell includes receiving a reference
signal broadcasted by the first cell, the broadcasted reference
signal including a first set of bits utilized by the UE to
determine a level of downlink interference and a second set
of'bits indicative of the respective presence or absence of the
one or more uplink access constraints.

3. The method of claim 2, wherein:

a value of at least one of the second bits is indicative of
the presence of the uplink access constraint correspond-
ing to the threshold distance;

the UE is disposed at a distance from the first cell greater
than the threshold distance; and

selecting the serving cell includes selecting, based on the
value of the at least one of the second bits, the serving
cell from a set of candidate cells excluding the first cell.

4. The method of claim 2, wherein:

a level of the uplink interference detected by the first cell
in the spatial direction corresponding to the UE is
different than the level of downlink interference in the
spatial direction corresponding to the UE;

a value of at least one of the second set of bits is indicative
of the level of uplink interference being greater than an
uplink interference threshold; and

selecting the serving cell includes selecting, based on the
value of the at least one of the second set of bits, the
serving cell from a set of candidate cells excluding the
first cell.

5. The method of claim 2, wherein the broadcasted
reference signal is a synchronization signal, and the second
set of bits includes reserve bits which are undesignated bits
of the synchronization signal.

6. The method of claim 1, wherein:

the signal indicates the respective presence of the one or
more uplink access constraints;

the method further comprises determining, by the UE, that
the UE meets the one or more uplink access constraints;
and

selecting the serving cell includes selecting, based on the
determination, the first cell to be the serving cell.

7. The method of claim 6, wherein:

further comprising determining, by the UE, a level of
downlink interference based on the received signal
generated by the first cell; and

selecting the first cell to be the serving cell is further based
on the determined level of downlink interference.

8. The method of claim 1, wherein:

the received signal is a first signal generated by the first
cell, and the first signal indicates the respective pres-
ence of the one or more uplink access constraints;

the method further comprises determining, by the UE, that
UE does not meet at least one of the one or more uplink
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access constraints, and based on the determination that

the UE does not meet the at least one of the one or more

uplink access constraints:

processing, by the UE, a second signal generated by the
first cell after a duration of time has elapsed, the
second signal including an update to the indication of
the respective presence or absence of the one or more
uplink access constraints; and

determining, by the UE, that the UE meets all present
uplink access constraints indicated by the update;
and

selecting the serving cell includes selecting the first cell to

be the serving cell based on the determination that the
UE meets all of the present uplink access constraints
indicated by the update.

9. The method of claim 1, wherein the UE is an in-flight
aircraft and the wireless network is an in-flight connectivity
wireless network.

10. A method for managing access of User Equipments
(UEs) to a wireless network via unlicensed spectrum, the
method comprising:

transmitting, within the unlicensed spectrum and by a cell

of the wireless network, a reference signal having a first
portion utilized by UEs to determine downlink inter-
ference and a second portion including a set of reserve
bits having respective usages that are undesignated for
the reference signal, the set of reserve bits having a
value indicative of a respective presence or absence of
one or more uplink access constraints particular to the
cell,

wherein a UE determines whether or not to communica-

tively connect to the cell based on the reference signal.

11. The method of claim 10, wherein transmitting the
reference signal comprises broadcasting a synchronization
signal.

12. The method of claim 10, wherein the UE is an in-flight
aircraft and the wireless network is an in-flight connectivity
wireless network.

13. The method of claim 10, wherein:

the one or more uplink access constraints include uplink

interference;

the method further comprises determining, by the cell, a

level of the uplink interference within the unlicensed
spectrum; and

transmitting the reference signal having the first portion

and the second portion including the set of reserve bits
having the value indicative of the respective presence
or absence of the one or more uplink access constraints
includes transmitting at least one reserve bit having a
value indicative of the level of the uplink interference
being greater than an interference threshold.

14. The method of claim 13, wherein:

determining the level of uplink interference includes

determining a respective level of uplink interference
specific to each spatial direction of a plurality of spatial
directions serviced by the cell; and

transmitting the reference signal having the first portion

and the second portion including the at least one
reserve bit having the value indicative of the level of
uplink interference being greater than the interference
threshold comprises transmitting, in each spatial direc-
tion, a respective reference signal including the first
portion and a respective second portion including at
least one reserve bit having a value indicative of
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whether or not a level of uplink interference specific to
the each spatial direction is greater than the interference
threshold.

15. The method of claim 13, wherein:

the at least one reserve bit having the value indicative of
the level of uplink interference being greater than the
interference threshold is a first at least one reserve bit;
and

transmitting the reference signal having the first portion
and the second portion including the set of reserve bits
having the value indicative of the respective presence
or absence of the one or more uplink access constraints
includes transmitting a second at least one reserve bit
having a value indicative of the presence or the absence
of a threshold distance of UEs from the cell.

16. The method of claim 10, wherein:

the one or more uplink access constraints include a

threshold distance of UEs from the cell;

transmitting the reference signal having the first portion

and the second portion including the set of reserve bits
having the value indicative of the respective presence
or absence of the one or more uplink access constraints
includes transmitting at least one reserve bit having a
value indicative of the presence of the threshold dis-
tance of UEs from the cell; and

the UE communicatively connects to the cell when a

spatial distance of the UE from the cell is less than or
equal to the threshold distance.

17. The method of claim 16, wherein the cell is at least
one of: configured to utilize a Time Division Duplex (TDD)
frame configuration optimized for UEs located within the
threshold distance from the cell, or configured as a high
capacity cell within the wireless network.

18. The method of claim 16, wherein:

the at least one reserve bit having the value indicative of
the presence of the threshold distance of UEs from the
cell is a first at least one reserve bit;

transmitting the reference signal having the first portion
and the second portion including the set of reserve bits
having the value indicative of the presence or absence
of the one or more uplink access constraints includes
transmitting a second at least one reserve bit having a
value indicative of whether or not a level of uplink
interference is greater than an interference threshold.

19. The method of claim 18, further comprising detecting,
by the cell, the level of uplink interference.

20. The method of claim 19, wherein:

detecting the level of uplink interference includes detect-
ing a respective level of uplink interference specific to
each spatial direction of a plurality of spatial directions
serviced by the cell; and

transmitting the reference signal having the second por-
tion including the second at least one reserve bit having
the value indicative of whether or not the level of
uplink interference is greater than the interference
threshold comprises transmitting, in each spatial direc-
tion, a respective reference signal having a second
potion including a respective second at least one
reserve bit having a value indicative of whether or not
a respective level of uplink interference specific to the
each spatial direction is greater than the interference
threshold.
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21. The method of claim 10,

further comprising transmitting, within the unlicensed
spectrum, an updated reference signal having a first
portion utilized by UEs to determine downlink inter-
ference and a second portion including the set of
reserve bits, the set of reserve bits having an updated
value indicative of an update to the respective presence
or absence of the one or more uplink access constraints
particular to the cell; and

wherein the UE determines whether or not to communi-
catively connect to the cell based on the updated
reference signal.

#* #* #* #* #*



